HELMUT MUCKTER, a citizen of Germany, whose residence and 
post office addresses is Eupener Stfgsse 291, 52076 Aachen, Germany, has 
invented certain new and useful improvements in a 



BLOOD PUMP WITH IMPELLER 



of which the fpllowing is a complete .specification; 



. BLOOD PUMP WITH IMPELLER 
.. CROSS-REFERENCES TO RELATED APPLICATIONS 

[0001] This application claims the priority of German Patent Application 

Serial No. DE 102 27 886.5, filed June 21, 2002. pursuant to 35 U.S.C.: 119(aHcl), 
the subject matter of which is incorporated herein by reference. 

[0002] ; This application claims the priority of German Patent Application 
.Serial No. 102 31 479.9. filed July 12, 2002. pursuant to 35 U.S.C. 119(aHd). 
the subject matter of which is inborporated herein by reference. 

[0003] This application claims the benefit of prior filed provisional 

application, AppL No.. 60/390,416, filed June 21, 2002, pursuant to 
35 U.S.Q. ;119(e), th0 subject matter of which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0004] The present invention relates to a blood pump, and in particular to a 

blood pump having an impeller, v 

[0005] Within the medical field of artificial organs or implants, a variety of 

pumps are now known and utilized. These, pumps are for example, utilized as 



mechanical implants for supporting or supplementing cardiac functions, or they 
may be utilized to take over an entire cardiac function such as for example 
replacing the function of one or both cardiac ventricles or for supporting the blood 
flow in a blood vessel. 

[0006] Part of the prior art iare, on the one hand, membrane pumps 

provided with integrated mitral valves that are operated by mechanical, 
hydraulically or pneumatic means. On the other hand, various types of impeller 
pumps are utilized that include a radial, semi-axial, or respectively a diagonal or 
axial impeller, as are for example described in WO/97/49439 and in US 4,994.078. 
Pumps of this type are implanted with the aid of various techniques for blood 
circulatory connections. The following are three basic situations where blood 
pumps are predominantly applied: 

[0007] 1 . Replacement of the heart: A complete replacement where of 

the heart is replaced with a new pump system. The damaged heart is entirely 
removed and replaced by a mechanical artificial heart. 

[0008] 2. Bypass systems: In this system, the damaged heart remains 

in situ and the circulatory blood is guided via tubes through an intra- or extra-^ 
corporial pumping isystem by by-passing either entirely or partially one or two of 
the heart ventricles. 
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[0009] 3. Intravascular impeller systems: In this technique, a small 

impeller pump which is integrated in a tube is led via the aorta retrograde through 
the aortic valve into the left ventricle. The circulatory blood is guided by means of 
the impeller pump from the ventricle into the aorta. 

[001 0] Depending on the type of pump and the various techniques wherein 

they ar^ utilized in the medical field, a variety of problem? are known to exist. 

[0011] For example, there are the thrombo-embojic complications. In this 

situation, a rather large amount of surface of foreign bodies is associated with 
most of the systems utilized, especially when there is the need for using extensive 
tubing, there is always the threat of blood clot formation even when the highest 
permissible doses of blood coagulation inhibitors haven been administered. 

[0012] Further complications are arising in bleeding situations, for example 

where the administration of large doses of blood coagulation inhibitors, which may 
have become necessary to prevent thrombo-embolic complications, can lead to a 
severe blood coagulation diminishment, which can then lead to life-threatening 
hemorrhaging. 

[0013] In situations where there' is insufficient auxiliary safety support 

during system failure, so that even only a short break in the system can lead to 
acute life threatening conditions, as for example is known in pump systems of the 



prior art. 

[0014] Threat of infection poses another risk due to the rather large plastic 

surfaces presented by tubing, which provides a breading ground for bacteria. 

[0015] ; ; Furthermore; impairment of the heart function can occur through, 
the pump system itself. Most pump systems known in the prior art are also known 
to have a negative impact on the heart function, which is to a great extent based 
on their design. This is due in part to the large volume tubes, which uptake blood 
from the vestibule or the tip of the ventricle and there impair the blood flow or the 
: function of the heart valyes. Moreover, the tubes, which are pushed through the 
heart valves pan impair the heart valve function and to thereby* obstruct the flow 
diameter of the heart valve. 

[0016] It would therefore be desiVable and advantageous to provide an 

improved blood pump to obviate drawbacks of the prior art and to provide a blood 

. pump which is insertable Ihto.a portion of a blood vessel or artery without the use 
of tubes.. 

'■^ ' ' ' * ' • ' 

SUMMARY OF THE INVENTION 

[0017] AccorcJing to one aspect of the present invention, a blood pump 

with an impeller is provided which can be utilized in a vascular section without the 



use of tubes. 

[0018] According to another aspect of the invention, the blood punnp 

having ah impeller includes at least two vascular connections for joining the pump 
to a blood vessel outside the heart such as for example used with a suture ring or 
vascular prosthesis. With a system of these vascular connections, the impeller 
pump can be connected directly with the blood vessel and without the use of 
tubes. With this arrangement, it is possible to use the blood pump for example 
between two vascular ends, for example after a section ih a portion of the aorta or 
in the area of a vascular furcation. 

[0019] Another feature of the pump system according to the present 

invention is that it can replace the entire function or only a partial function of one or 
both heart ventricles. In addition, with the pump system according to the present 
invention, an effective pressure release in one or both ventricles can be attained 
so that a reduction of a dilated heart cavity or cavities is effectively realized. Since 
the pump according to the present invention can be arranged outside the heart, 
the blood flow through the heart cavity can be maintained during the pumping 
support, so that an intra-cavity stasis can be avoided and to thereby counteract 
any dot formation in the heart cavities. With the pump configured according to the 
present invention, the pump system can even be utilized where an implanted 
mechanical heart valve prostheses is in an aortic position or a pulmonary position. 
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[0020] A further feature of the present inyentioh is that due to the direct 

vascular eohnection of the cohriection system of the blood pump and the lack of 
any unnecessary tubes, the size of the pump can be kept small thereby leading to 
the desired minimal amount of body foreign surfaces near; blood and vascular 
tissue. As a result, the risk of clot formation as well as the risk, of any bacterial 
growth can be kept to a minimum. Furthermore, the system is cost effective by 
keeping the surfaces of body foreign objects comprised of highly biocompatible 
and very expensive materials coming in contact with blood and tissue to a 
minimum./ 

[0021] \ A further feature of the present invention is its easy removal. For 
example, the implanted pump can be implanted in such a manner that after 
sufficient recovery of the heart furictjon, it can be removed in a simple manner by 
simple surgical steps. 

[0022] The blood pump is configured in such a way that wheri there is 

demand for supporting the left ventricle^ it can be implanted in the form of a 
pumping conduit into the aorta ascendens, and for support of the right ventricle in 
the form of a. pumpinjg conduif into the truncus pulmonalis or into pulmonary 
furcation. Furthermore, to increase the blood flow or raising the pressure in a 
certain vascular siBCtion, the pump can be Implanted into the corresponding in-flovy 
blood vessel. When treating peripheral occlusive arterial disease or when carrying 
out dialysis or extra-qorporeai membrane oxygenation (ECMO), the blood pump Is 



implanted in the form of a pump cppduit into the main artery or blood vessel which 
provides the respective* vascular section with blood flow. When using the pump for 
support of pne or two heart ventricles, the pump is preferably implanted in such a 
manner that the function of the natural cardiac valves, that is, the aortic valve, 
respectively the pulmonary valve, or the function of a possibly implanted cardiac 
valve prostheses; if that were the case, are not impaired. 

[0023] Another advantageous feature according to the present invention is 

a disposition of the vascular connection system directly at the pump housing. 
Accordingly, the ya^cular connection system can include a pump housing and an 
impeller driven by electric motpr disposed in the housing and the pump can be 
provided with at least two connection devices for connecting to a blood vessel 
outside of the heart such as for exaniple with a suture ring or vascular prosthesis 
arid configured in such a mianner that a direct connection of the blood vessel to the 
pump housing can be realized, thus leading to a confipact assembly of the pump 
and fewer necessary parts. 

[0024] A particularly compact embodiment of the pump according to the 

present invention is realized when the length of the pump housing is less than 
tvyice its diameter, preferably 1.5 times its diameter. Thus, when carrying out the 
impljantation of the blood pump, only a short piece of blood vessel has to be 
fiemoved, which in a sense is then replaced by the conduit. 



[0025] It is s further advantageous feature of the [^resent invention, when 

the length of the vascular conneetion system is configured with an especially short 
conduit in order to keep; damage to a minimum and to possibly cut only a short 
sectipn of the blood vessel. The vascular connection system should preferably be 
shorter than the diameter of the intermediary piece. 

[0026] Assembly of the pump is realized in a simple manner and includes 

a motor and a piimp housing having webs that are preferably configured as vanes, 
that are disposed between the motor and the outer casing of the housing. The 
vanes are thus supporting the motor preferably in coTaxiaj position relative to the 
pump housing and at the same time carty put its key function on the flow through 
circulatory bjqod. 

[0027] The Vanes have preferably a stalpje configuration so that they can > . 

securely support the motor in the pump housing even during torsional changes. 

: [0028] As a power supply for the motor, it is contemplated that the . 

required cables or metal pins are extending in the interior of the webs which are 
configured as vanes so that that any contact of the cables or pins with blood will 
be prevented. - ^ 

[0029] ; In another advantageous configuration of the blood pump according 
to the present invention, as a safety feature, the system will be maintained in such 

' ■' . ' . ' . . i. ■ . ■■ " ..." 



a manner that during a possible system failure, other than the immediate non- 
available cardiac support, there will be no further negative impact on the system 
which might impair the circulation or the pulmonary function. This safety feature is 
realized by providing that the area between the motor and the outer casing of the 
pump housing has a free flow diameter of at least 50%, preferably 80% of the free 
flow diameter at one end of the intermediary piece. Upon a pump failure, blood 
can flow virtually unobstructed through the pump using it as a conduit, to thereby 
maintain the blood circulatory function. 

[0030] In a special embodiment of the pump according to the invention, 

the pump is provided with two motors, two pump housings^ and one housing 
connection, A connection system of this type can be adapted for optimal layout of^ 
the pumps in such a manner that the least amount of outer torque is generated. 
This can be realized by driving the impellers in opposite direction for example by 
motors that are driven in opposite direction. Thus, the mass moment of inertia is 
preferably arranged in such a manner that under dynamic operation or respectively, 
pulsed operation, an as small as possible outer torsjon will be generated. This can be 
realized when the impellers are driven in opposite direction which can be done by 
opposing driving motors. The mass inertia moments of the rotating parts are 
accordingly arranged so that during dynamic, respectively pulsatile operation, only 
very small torsional momentum are generated. 

[0031] In another embodiment, the pump according to the present 
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invention has an auxiliary electromechanical motor disposed in the pump housing, 
which motor rotationally drives a mass in opposite direction relative to the rotation 
of the impeller. This also permits the outer momentunri to i)e kept small. In this 
particular embodiment, an additional electric drive is connected to the system 
drivinjg a rotating mass in oppositie direction and synchronous to the rotation of the 
rotor shaft of the blqod pump, and the system Is designed so that upon changing 
the torsion, the mass moment of inertia resu in only an insignificant outward 
.momeintum. , 

[0032] In a further advantageous embodiment, the housing which houses 

the blood pump is proyided with an attachment device, whereby the blood pump 
can be attached to tissue, preferably at the bones of the rib eajge. This 
arrangement is Cjarrled out* by connecting an adaiptable attachment device to the 
housing so as to provide a connection to the surrounding tissue structures vyhjch 
are capable of absorbing a momentum which may be generated under either 
dynamic or pulsatile operation. 

' BRIEF DESCRIPTION OF THE PRAWING 

[0033] Other features and advantages of the present invention will be 

rnore readily apparent upon reading the following description of currently preferred 
exemplified embodiments of the inyehtibn with reference to the accompanying 
drawing, in which: 



[0034] FIG. 1 is a section of a blood pump according to the present 

invention implanted in the aorta aiscendiBns; 

[0035] FIG. 2 is a partial front sectional view of a blood pump with 

tvyo pump housings for support of two cardiac chambers; and 

[0036] FIG. 3 is a partial front sectional view of a blood pump for 

implantation into the furcation of the pulmonary stem. 

DEtAILEP DESCRIPTIP^ 

[0037] Thrpughout all the Figures, same or corresponding elements are 

generally indicated by same reference numerals. 

[0038] Turning now to the drawing, and in particular to FIG. 1^ there is 

shown a blood pump 1 which is implanted between the aortic valve, 2 and the aorta 
ascendens 3. The cardiac areas and the aorta asceridens 3 are shoNvn in broken 
lines. The cardiac structures shown are the left cardiac ventricle 4, the mitral 
valve 5 and the aortic valve 2. 

[0039] The pumj3 housing 7 which serves as conduit is sutured at a secure 

di$tance to the aortic valve with a suture ring 6. The end 7 situated in opposite 
relationship is connected by means of a suture ring 8 to the aorta ascendens. A 



segment of the adjia ascendens corresponding to the size of the pump conduit is 
trimmed away to allovy implantation of the bipod pump. Thus, the suture rings 6 
and 8 serve as a vascular connective system when implantating the blood 
pump 1- the blood pump\1 consists . essentially of a pump housing 7 and an 
impeller 10 disposed .in the housing with a semi-axial, respectively a diagonal 
guide means, and a fully enclosed motor drive 11. the motor housing 12 is firmly 
conn|Bcted to the outer casing 9 of the pump housing 7 by means of webs 13, 14. 
These webs 13, 14 are configured as vanes for conducting the blood flow and 
house the power supply for the motor drive for which cables or pins can be used 
(not shown here) and which are disposed within the webs 13, 14 that are 
GonfigurecJ as vanes; " , 

[0040] ; The inipeller pump'can be adapted to any suitable configuration for 
radial, semi^radialor axial flow conditions known in the field of flow mechanics to 
be utilized for an impeller of corresponding design for a blood pump 1. Likewise, 
any type of . parts that are suitable for blood pumps such as, for example, shaft 
support, shaft segl, motor housing seal and power transmission, in particular also 
magnetic power transmission fpr a touch-less drive of the impeller, and that are 
suitable for blood pumps, can be successfully utilized. It is particularly 
advantageous if the blood pump 1 is operated by an intelligent system. 
Accordingly, such a system incorporates devices for the control and regulation of 
the arterial blood pressure as well as the pressure in the ventricle. 



[0041] In an advantageous variant of this ennbodinient of the blood 

'pump 1, . a pulsatile operation of the impeller pump can also be realized through 
the control device, whereby the pulsation of the Impeller pump 1 can be adapted to 
the natural rhythni of the heart beat, which may preferably be effected for example 
through a pressure trigger or an EKG-trigger. 

[0042] : In the enibodiment of the pump as shown in. FIGS] 1-3, the shape 
of th0 outer casing 9 of the purnp housing 7 is configured in such a fashion that the 
free flow diameter 15 js substantially undlnrilnished with, respect to a hemo- 
dynamically relevant stenosis. 

[0043] With the pump 1 according the present invention, powering down 

the system can easily be carried put for example when a system defect occurs or 
within a certain weaning phase after cairdiac recovery, the impeller pump can be 
entirely or partially shut down vyithdut having a negative impact on the blood 
circulation function even if there is no longer any cardiac support or only reduced 
support, In the case of a possible explanation which may appear as indicated, the 
pump 1 can be replaced by utilization of a conventibhal vascular interpose such as 

: the utilization of a heart-lung machine. ^ 

[0044] FIG. 2 shovys the use of blood pump having two housings 20, 21 

■suitable for the sujDport of both cardiac chanribers. Of pump conduits 24, 25, one 
conduit each is implanted into respectively truncu$ pulmonaUs 22 and the aorta 



ascehdens 23 in sufficient distance from the cardiac valves to thereby realize a 
partial or complete support of the heart. In order to ensure a sufficient blood supply 
to the coronary arteries, it is advantageous to centrally close the stems of the 
coronary arteries in the bulbus of the aorta at points 26, 27 at the low pressure 
side of the pump conduit 25 and to establish venous by-passes 28 and 29 or to 
establish anastomosis with one or both mammary arteries to increase circulation 
of the coronary arteries. 

[0045] Preferably, the pump conduits 24 and 25 are operated by pulsatile 

trigger. Furthermore, in order to avoid generating outer momentum, the pump 
conduits 24, 25 are firmly connected to one another by means of adjustable rod 
linkage not shown here in detail. The impellers are driven in opposite rotation and 
the rotating parts are configured to minimize the mass inertia momentum and that 
any torsional change in the pump dynamic results in onjy a negligible amount of 
outer momentum. 

[0046] The principle of active mass equalization is likewise applicable with 

pumps as shown in F|G. 1 having only one housing. To create this effect, a 
rotating mass, not shown here, and driven by an electric motor, which is not shown 
here, is connected to the pump housing 7 and rotates in opposing manner 
synchronous to the drive motor 11 of blood pump 1 and which has a mass inertia 
moment such that a change in torsion results in only a very insubstantial or 
negligible outer momentum. 
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[0047] The pumps shown in FIG. 1 as well as the pump as shown in 

FIG. 2 can be advantageously fixed to the bony part of the rib cage by means of a 
suitably adapted attachment device, not shown here. 

[0048] In FIG. 3 another embodiment of a blood pump 30 provided with a 

variant of the pump conduit 31 and is particularly suited for a very short truncus 
pulmonslis for support of the right cardiac ventricle. In this type of configuration,, 
the pump cpnduit 31 has a Y-shape. A suture ring 32 is disposed at the inflow 
side, which is sutured to the stem of the pulmonary artery 33 directly behind the 
pulmonary valve 34. On the dutflpw side, the right and the left pulmonary artery 35 
respectively 36 are directly connected to the out-flow connecting piece 39, 40 of 
the pump conduit 31 by means of suture rings 37, 38. The connecting pieces 39. 
40 preferably lead, in correspondence to the rotational direction of the pump 30 in 
eccentric manner into the pump housing 41 . ThQ attachment of the nfiotor drive in 
the pump housing 41, and the power supply which is not shown here can for 
example be carried out centrally at location 43. The webs 13, 14 that are 
configured as vanes as shown in FIG. 1 , are not necessary In this embodiment of 
the blood pump 30. 

[0049] A similariy constructed pump conduit, which is not shown here has 

an angle adapted to the anatomical conditions between connecting piece and the 
pump housing and is likewise suited for implantation at the aortic furcation to both 
pelvic arties for support of the blood flow in arterial occlusjonay disease in the 
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pelvic and leg area in a situation when reconstructive vascular surgical procedures 
alone are not sufficiently success^^^ 

[0050] Vyhile the invention has been Illustrated and described as embodied 

iri a bibod purnp with impeller, it is not intended to be limited to the details shown 
^ihce various modifications and structural changes may be made without departing 
in any way from the spirit of the present inyent'i^ The embodiments were chosen 
and described in order to best explain the principles of the invention and practical 
application to thereby^ enable a person skilled in this art to best utilize the invention 
and various embodiments with various modifications as are suited to the particular 
use contemplated. 

[0051] What is claimed as new and desired to be protected by Letters 

Patent is set forth in the appended claims and their equivalents: 



